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Description 

This invention relates to tissue aperture repair 
apparatus. 

To prevent a hernia from recurring, a barrier 
material is commonly positioned over a hernia ring 
and affixed to the surrounding tissue to block pas- 
sage of the peritoneum, therethrough and to 
strengthen or reinforce the abdominal wail about 
the hernia ring. 

Strengthening or reinforcing of hernias is tradi- 
tionally accomplished by stitching a piece of tissue 
across a hernial ring. With recent minimally in- 
vasive surgical procedures, hernial ring repair is 
percutaneously performed with the aid of an en- 
doscope, or a laparoscope, and one or more trocar 
access sheaths inserted into the abdominal cavity, 
thereby avoiding a much more invasive procedure 
such as open surgery with accompanying trauma 
to surrounding tissue. 

U.S.-A-3 874 388 discloses a tissue aperture 
repair device as defined in the preamble of claim 1. 

According to the present invention, there is 
provided apparatus as claimed in claim 1. 

The elastic stiffener of the first embodiment 
may be directly attached to the foldable sheet 
utilizing attachment means such as suture material, 
biocompatible adhesive, clips, etc. The stiffener 
can also be woven through the foldable sheet 
about the circumference thereof. 

Tne stiffener advantageously expands the fol- 
dable sheet and maintains rt in its unfolded shape. 

The tissue aperture repair device is advanta- 
geously used in both open surgery and minimally 
invasive laparoscopic procedures and further in- 
cludes affixation means such as a helical fastener 
insertable through the foldable sheet or suture ma- 
terial extending from the sheet for affixing the fol- 
dable sheet of material in its unfolded shape to 
tissue positioned about the aperture. 

The stiffener advantageously comprises jin 
elastic wire such as stainless steel or a superelastic... 
wire of a nickeHitanium alloy such as nfflnoifor 
expanding and conforming to the shape of the 
device cavity and the outer circumference of the 
foldable sheet of material. The ends oftt^-stiffener 
are shaped to prevent snagging or catching on the 
foldable and second sheets of material. The shape 
of the device cavity and the outer circumference 
are advantageously elliptical or circular In shape to 
present a smooth, evenly tensioned device surface 
for attachment to tissue about the aperture. The 
stiffener advantageously eliminates the problem of 
unwrapping and positioning wetted prosthetic mesh 
in both open surgery and minimally invasive en- 
doscopic procedures. 

After introduction into the peritoneal cavity dur- 
ing a minimally invasive procedure, the introducer 
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FIGs.13 to 16 illustrate how the supporting de- ™~ : "~6ri^he=sfce aMi^a^^ftthe.^iss3e"aperture, sev- ^ 4A^u\v3v _^nd c» 
vice may be inserted and positioned during the ^----- -eral repaid devices *<^^be6pa>sttfonwt: over the ^ru^iing Sssi/o.iriorcvu.. . 

surgical operation; and ihci ere afmmzmdzt&eteppefr fwn^rbviolhgssuffident ine to?d?blo shc^t -anii-.iocK 

FIGs.17 to 20 illustrate another embodiment of 0l! — r?( &Ve1ra^of^a^6rtQm'fe aesfrfed'by:ithe attend- nL 1 'bod? croons : mey in cc 
the invention. cunj'eiGifoi physfe*an. 3^$mfoldedc$hape otth^sheetcan entiilbrogeriic 'coaling ;,.r 

Oepicted in FIG. 1 is the inguinal canal in a-'^P- ^socasstmHe^art'elSpt^ ui= form-*; on o? isfim.r 

male patient. The peritoneum and the transversal s > : covenr?gvr*etongated tissue apertures or hernial - - ; - re .... 

fascia have not been shown for the sake of clarity. — HngsT Cenfrally -pesft^ ~U>-'*r op- ; OvfjL 

Three potential tissue apertures, particularly hernial : sinp^-sn"eet'Of: : foldafile material fdr , -lri58rthg"a' ; "V---.------r"- • 

rings 1 and 2 for hernia inguinalis and ring 3 fqr^ *to stiffener- ; > therethrough ^fi ais :-wiIt:-rbt>e -described t : v :z:r - f 

hernia femoralis are indicated. Musculature 4 re-' tielelriaftejK * ^ t ._. ; :: 

fleets the location of musculus obliquus intemus hr f : r C^ r ^Wheri the'- re^^^ f«c- J.": : . 

and musculus transversalis, while musculature 5 r:r --^ ' Viz f-.;.- 

reflects the location of musculus rectus. Hernial Noib^te^^ VYhefi 
ring 3 is delimited by pubis and Cooper's ligament T ^y5^ : 4hiri^ ii«^i^n^?nj 
6 and by inguinal ligament 7, which also delimits vro> ij i ^iTn^tehal, Which. *fof e^pl^isVcontfiieitlaJly avail- ^^v..jo}c^3 vwii t.... 
the two other tissue apertures or hernial ririgs. cinrumsa^^f^ Manor, ^itior^J Wd ^:icnc. 

Spermatic cord 8 extends upwards through the — --=^ew : .. 
inguinal canal past epigastric vessel 9 in Hassel-^ty °< ipiartk^a^eidr.sheeli df^Sterfel teireasJIy^folded or-ifltrckJuccMhsro^roL^;-.. 
bach's ligament and into the abdominal rarity. '>?~rol^ IcTgo: l?5 to-.t:. 

Femoral artery 10 and vein 11 are also shown. vis;*, uui«ith1n''^o$lt0aM^^ a trocar rr t ^. .ri;j . r;u- .v.fodvc:, 

After a hernia is formed, the musculature ar* "C*" c^^xess'^Keathf uiwtiteh" ttep'coromonjy^used in .t-e^vily io pesii-j • 
ound the inguinal canal is weakened, thereby in- C -"G- ~ la^oscbpic vprbciB<!Ur8S;*i^Wablet^e8t 13 is i^-o 
creasing the risk of recurrent hernia. This may be e c ^ material l^fi^l^Tl^r ; 

eliminated by inserting, as depicted in FIG. 2. a butted ^ 

tissue aperture repair device 12 across the major : ,!L: • ^tidnednand extending. cdUar^ranthv.opening 19;^-;- 'or^^ cc 
part of the tissue aperture or hernial ring, thereby G'-*- : = ^fthi&reihV^^epicteNd m R& <3;\Seam 48 in foldable sfcrf feoS "du.. - 

preventing the peritoneum from penetrating through - ivnc^epe^scaoriyiett toy n heat seeing the abutted in 'uc&ttr -2v poMibh'cJ t 
one of hernial rings 1-3. Device 12 has an unfolded circular (eflds^of^e'two56heets o<>particulated material. ry ^Qvscrib&d.-dsvica.x- 
elliptical or circular shape for abutting on part of torrs&iawu tTto tissue^ertuwiepafcde^ wTsacond in, 

the musculature of the abdominal cavity to Support -mea^sis^ 16 of ocur.rir.d by »v<} ••siis^;; . * 

strengthen it and for at least partially covering z?? m -v -"3 matefiati atteched^about:^rcurrrferenceot5 af'foMti? ioi~-!e*?;\Got. ; -l.'l 
tissue apertures or hernial rings 1-3. As a result --!i<lable sheets 3 ta f ^r£< . 

spermatic cord 8, femoral artery 10 and vein 11 si- era- iunfoWedudrcular : .shapeal4v fckteblesand sec- .n"oi;y i.^re-iniGusn tor " 
together with epigastric vessel 9 may concurrently lor^u <©ntr sheets l3oand>il6 fof>rmateft*aIa«ra^ attached '^Kon^r .22.' The ! fdte~* 
pass freely by the tissue aperture repair device. -io:.- mcaboot clrcomferenc»7tSrot.thfl\foldaWe'*$heet using u^i.^r^o v^-a -u^. 

Depicted in FIG. 3 Is a partially sectioned pic- : .z:z:.-:~ awellrknown heat seal ..process^ When the repair 
torial view of illustrative tissue aperture repair de- nwav vdevlce'te'HSS^IffJo^rr sflrgery , 
vice 12 for at least partially covering a tissue ap- <&ov[ Inthe^icteutnferentiali seal &fuax£orieerntta me sur- c^mainrnont siieaih 2L . 
erture such as a hernial ring. Tne repair device ^ w -^geom suture matertalcl/.isrstitr^ed.about mexSrcpH^rims^v^rmair; v..^.: 
includes foldable sheet 13 of material having unfol- ^in - ^r cuniferehcaifori 8i!dedi!stiBrtgth : jaridcsi4>port Sec- Soviet contd;;cd \hz:ii.. 
ded circular shape 14 and circumference 15. When vies ccvottd>«heet>1i8r^ ma^^ralsoictojnpiiseSie sheet of kncwri : [t6cbi -ixcess.- 
the repair device Is used in open surgery, the *gxj^ pRssthetiCTOe^ 

material of the foldable sheet preferably comprises, <n mis irmted toothe aottafcteEsbeelPof ihatBHababout the^usihr; a v/ell-kno^hTsQ?, ;^ 
for example, a porous prosthetic mesh material eiz^c v/circumfofence^ctriereofj tttsis^fioontBinplatBd that* a ,liV, fi5lemr:G" ;r again?»t. . 
such as "MARLEX"« material or other commer- °' ^^ttyAJrove^^^Gd ftbri 

cialiy available biocompatible materials for relntorc- ^suins such^a$:sittittn^ poly- ^isi^^nij of 'cow^twr.. , 

ing or strengthening the tissue positioned about the ing Evente^luor"o^ylenepa>ritrm^ . - 

tissue aperture or hernial ring and for providing a n is eisobl6cbmpittoie1toa^ertel«^ tn^rbu^^ntracf; ;. 

structure for tissue ingrowth about the aperture, ^w^tis^aiin^^ . 
"MAR LEX"® mesh material Is a 6 mil monofila- to fegalnsl tto-jONrgai^ MifalnM 

ment knitted polypropylene material. The diameter »« or 'otfiw.vmterrtat ravltyjtitTblii -rwnpioVdtjs material 302 or 3b^"f.:r!V.i«r.5=?>: ^ 
of the unfolded circular shape is approximately 7 sheet tomay 0Jsb:'be:feloc^^ exj»ri-c-?n5 : {.6l4 B }-!n dlrrn*-! r. 

cm for at least partially covering the tissue ap- ' ^^ents^ta^ Ingrowth ^zrc ^^ziy Uj;; 

erture. Diameter sizes can vary preferably in the : 55" -bn the^surface of^the repairvdevice -facing internal: - ; = - ; * " ; * 
range from 5 to 10 cm. Preferably, only one tissue - f brgah's' is extremely difficult A flap : of ' me perito-^ cJ ; ~ : - : -•-;*■ 

aperture repair device should be used to cover the - - : neum positioned :over the affixed repair device is 
tissue aperture or hernial ring. However, depending — ^ 'preferred "^br p^emiria -«dhesions ; to Internal or- 5. . :V:-* : 
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gans. Virtual device cavity 18 is formed between 
(oldable and second sheets 13 and 16 of material 
that are circumferentially attached together. The 
outer radial shape of device cavity 18 abuts cir- 
cumference 15 and assumes unfolded circular 
shape 14 when a stiffener such as an elastic wire is 
inserted in the cavity. 

The tissue aperture repair device also includes 
a stiffener for applying force to the foldable sheet 
of material to maintain it in an unfolded shape or 
condition. The length of the stiffener is selected to 
be longer ©tan the circumference of the device to 
conform to unfolded circumference 15 when in- 
serted in device cavity ia The elastic stiffener wire 
may comprise a length of stainless steel wire ap- 
proximately five times the length of the device 
circumference or a length of a nickeMitaniunV alloy 
wire such as commercially available nitinol prefer- 
ably at least the length of the device circumfer- 
ence. When used as an open surgery repair de- 
vice, both ends of the stiffener wire are bent into 
tight closed bops and soldered to prevent snag* 
ging. The ends of the wire are also curved to better 
conform the wire to the circumference of the cavity. 
When used in a minimally invasive procedure, the 
proximal end of the stiffener is attached to a wire 
guide for introduction into the device cavity. 

Although device cavity 18 is illustrated as a flat 
circular disk when in the unfolded state, it is con- 
templated that the cavity may assume other 
shapes or configurations for receiving a stiffener for 
applying force to the foldable sheet of material for 
maintaining the foldable sheet in the unfolded 
shape, fn particular, device cavity 18 can be 
formed as a circular ring with a length of narrow 
width material attached drcumferentially about the 
foldable sheet of material. The internal edge of the 
narrow width material would be likewise ^attached 
about the circumference of the foldable sheet a 
short distance inward from circumference 15. The 
stiffener is then inserted into this circular ring de- 
vice cavity for applying force (or maintaining the 
foldable sheet in the unfolded shape. The stiffener 
in this instance could afso be a straight length of 
elastic wire at least longer than the circumference 
of the device. Alternatively, the stiffener could also 
assume the shape of an elastic wire coll for provid- 
ing even further flexibility for use in open surgery, 
rt is also contemplated that a plurality of pockets of 
the second material could be diagonally attached 
to the foldable sheet and straight strffeners be 
inserted therebetween for stretching the foldable 
sheet to the unfolded circular shape. When the 
second sheet of material does not completely cov- 
er the foldable sheet of material, the exposed side 
of the foldable sheet of material should inhibit 
tissue ingrowth. In such case, the foldable sheet 
can be multi-layered with one layer promoting tis- 



™ ^^. r zs\prv^Q^Bt^ei diatoeaisheet ^r-er. T< - v!: 
irifcibftir^ !fcfi=: : -fc ^ circu;.-..*. 

' u,,OJ irWfofda^ihW'^ ioir^bU, hi.fi . 

vic _ 8 ^Ib^ofp^ wTWOTwa^n^ 

# r ^ u, anSibfb|enit SfcWfitffer ^fitbWrtb qfssWIftnrowttv - - * inserted - <;•:- .. . 



^ ^ ^dihVlo^hktfon of lesions. * 

l ? -Tiss^a^rture repair- tieVicd 12''can?be^used 
_ ; In ooth - open 'surgery -and- mini maiiy - invasive 
r ; ;:! li^aro^pic ; pVoce^ sur* 
jo geryJ'thiB stiffener is inserted through 1 smaiKdiam* 




^ed, -afid 1 tn^ for" use''Tiy the 

physician. When' the 'device is used in minimaDy 



is invasive japaroscopic procedures, device cavity _ 
^- :,, cmWirica^^/\^ opening ^&ifaii&Smre^ 
uUier pSp9nSd &i6?e>o5&d^ * 
C^sfieet'llf 6mmm fbrvSmtf m t>^S&A^M-^ Dr WSgsy 'thel- rooe-r 
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opening 

;y" a *Wl»^a^ lepWdevftfc flfiainst \-^^^K i r iS.-2.; a. 

" : tv. m. 'prr/ ; *?r.rpti.?r.- o; ~ 

^ihtroducerfiVi^ti^ * : i":£iicsi ceil lastsr.a;^- 

kt "^e^be^-^dev^^ 

.•v^-bouridacl b^tte^sfieets Jafld^eumterwce^S 1 of 
"^-the^ 

c :-v "xiudes 'hollow ' passageway 25 extendirfgrlottgitudi- 
ii'L^ri^ ihsertidrPBifiEP^assage of 

8 ri StffierieY 22P*trfe TOdaole aW^e^ittnsneets 1 ot: 

and about distal end 20 of u the- introducer and 
rA ^o m^§6 ^'holK&W m^ui^^^^^f^<^6t Ferret '& 

^'Q^^cdi&nr^ surgfei-instrir 
4o ! - f con&rimertt^ea^^ 

r " -^device contained 1 therein ia [ inserted IhraughTa Well* 



f-iiian fcs~clarntii*.rre.' . 

trtfr 'iicV'i - 

--it, r 



' ir6r, ^6wft^nicBP £ e^iS^ (not shown) which- is -tnUbai^r ^toSMzLk 

.^tr«toeed^Pfie^e^^^ ttstfyrori*** pafltaf nwc ^asta^6hg r-oPflhe^intru 
50 c^^g^fl^rSo^^u^^ i- 0 ^ 1 'J- *cpehiho -.D^Ih Mclclabk 

0.2i6t6!^(el^re%^^e^ ci.-.^,y ^ {oSsbfe^s! 

iri F '^eat»d^oT=tlie^pafieift}%rB^^ ^^-^^r ••ni--*\\r..y... 
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^vicfty^^wa^^xara 

ir! " c ^«mprlS88 approlwrr^^ia'^'O em^ng^ o*<$eries :: c'Vv^ c^i^"t£, \ 

up>jM;ao2*»o> 304 ; «airii^?s^5i^e%pf03cV«^ ■ eatiily :if!r> : 

uien cmHul^ffWa^ ^[wgl 

r LMUi^^ 0 y^^iy- fivev'times ; the drcumference (a> ^£ n\ 
sis- jiraximately^ bf '*unfolded sheet 13 of ma- 

- 1 s - stiffener wire is rolled-and -soldered to-form-bead 
■ ^ - 45; -which-pfeVenW '^tim&m'tA^fim from 
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catching or snagging on tte sheets of material, net uk : rducef^Tte*|seco'^ at- ■:; ii \z I .. u..c:.:;* 

This length of elastic stiffibper wire is passed v ^ c"' ^ r;^.:; 

through the percutaneous introducer and into de- ~ -c^The-foJdable and second sheets of material are..—* t».» :..»*., t ^ u-. 

vice cavity 18, which expands and conforms to ^ r *o<foJdeid^ar^ aiwji^^i:^ v^i '^i- - 

circumference 15 of foldable sheet 13 of material i^s-- inserted- into -contatornent-sbeath. 2X,By way" of -0= 
as depicted in FIG. 6. [ r ■ r * Tt 9 5 exa^le^ocoota^ 

As depicted in FIG. 6. proximal end 26 of ^-or-i :: k zz:^..r': 

elastic stiffener wire is attached to wire guide 27 Tfcs ^.-^1tn-an~<buT^ and a. Jr .:. is.i^r.^: : - 

with detachable wire coil fastener 28. An enlarged r-^r wall ^clws^W to 0.038 - " - 

view of wire coil fastener 28 attaching prox™^ has a - :: ^ :y. y : 

26 of elastic stiffener wire 22 and distal end 29 of f " : Wefl-khbwh : gas-tight: Luer flock 'connector 36 at- °- . V \ 
wire guide 27 is depicted in F1G. 7. The wire coil ■: {: ca^^' : abtfur pTdxf^ :: ; .v 

fastener comprises two segments of a 0.097 cms f^-PT. j3ffidi^»gnd^3^tf 'Irrtrbtfucertube 21'includes a '■-'-'-* " r---- n r --• 
(.038") outside diameter coil of 0.02 cms (.008") ?-' " well*ribwh : 'gas-tlght Luer lock connector 39 which 
stainless steel wire. One segment is attached to • -is engages Luer lock connector 36 of the containment . 
proximal end 26 of elastic stiffenei wire 22, and" the r *»M shel&'eM there- cccuj l r^x;^;^ 

other segment is formed from the turns of wire *3^n;quft n $^nrfmG on mo position c? li;c liccuc . - £sy;"c- ( ;rij;s Lmu0\. 
guide 27. The wire guide segment of the wire coil ?rs.tures orfthS^theiw the' L...^V V^l \o. 

fastener is formed by separating the coil turns of * : ~^" r37 ^t6H§aT^ iis*unfo!ded, : i i^g:^ o.* \£\ « 
the wire guide about distal end 29 and fixedly "^Fao- ' c'sh'asie "^^^o- devhw'-ifl^pdsilioned oyer ^^^:z-z^z. , 
positioning the separated turns using, for example, «™-.-*s. ^erftire^r^ 21 as n^y.c.,.;^. ; c-wois i,.., 

well-known silver solder bead 31. The segment of P^ r ^!a§p*cWi^ the v^.." '.^.Z^y, , 

the wire coir fastener attached to proximal end 26 '-'l&jifolded T ra|®r- , ^e^a'''l9 ! attached- to-ttoe tissue ' ; >... r ™2 L f . 
of the stiffener is affixed by silver solder bead 30 % n ^stmxunoTr^ : \ r"t—". 

with the turns of the segment wound in the same e£=.-i-.«.. 
direction. The wire guide and stiffener are intercon- • — : ; 40: \t) pfeparatiori-of positioning the=repair device ^-^ay: \ 
nected by interleaving the turns of the wire coil site wim 0 ver tfi03#§ftiiatf^ places two : «-.,u J; C^-.., , 

fastener segments. By way of example, wire guide foidsd sihelfcaT c^lila^er^iop^os^reachiotheiJand cefr-^n o'Gsirec by uw pp.; 

27 has a 0.064 cms (.025*) outside diameter and is petered ^Ver^the^ hernial ring at a distance greater «■:■!,.«, . ..^ ..*«...<=... w V * 
commercially available from several medical device sP^pitHaft the^lSame^r^df^Jrepib'^evin -Ihesa4wo "u.i„i C iii . 
manufacturers such as Cook incorporated, Bloom- >.-".:*c: heftoP^cbil fasteners^ se*vewas^inarkers for the ^vo. t ^ ^m.L ^-, 
ington, Indiana The length of the wire guide is "^r ^hi ^<^ ra ent^^^ ; jt v „ 
approximately 65 cm with proximal end 32 includ- ie^n-r btf^'salis^ory.pc^M^ ,«»_. . t ,..u ««■. .i-.^- 
ing two right angle corners 33 and 34 as depicted ^^fastenmi^Suto fass- .wn:c:ri^ r-nv.-.— n ; : 
in FIG. 5 for rotating the wire guide in either a fna&iy .Qeroi^wiURserted^ 

clockwise or counterclockwise direction. To detach v.*^2 c::^th^frb^uaoGess "Sheath* and:;tumed through c^:-^ .c:" r..- . 
elastic stiffener wire 22 from wire guide 27, proxi- ^tfie-repaiV 'device and iimo^^ue^^wrounding r ..:r... 

mal end 32 of the wire guide is rotated to dis- cms (.T2gS RerT%l ^tfrl^f Q^n^^tidr ^U^chownuminfmalty .t. .\ 
engage the interleaved segments of wire coil fas- «» i ^'^iinvasiv^ airgica^in^^ a£ ^.w^i^.w. .... 

tener 28 as depicted by the arrows in FIG. 7. When CI-J? f -r!tacheiM''td rt surfdunc^'^ssue;^^ • ! - : 

disengaged, the stiffener wire engages the circtjm-'^v'-''^ distal end of the. I.e.:., :^\lJiz updr ^ 

ference of device cavity 18. - J^vlnQ aiht^ueer4nd^b^o^!§ ehe^^^ ^to pull trie i-r-;ir*^rL>T L ^ : W Jriv 

By way of example, introducer 21 comprises a ^ in ^is^^fl& ! 'oP?tr&7^ 46 aj^.-.a^oj/^ 

50 cm length of polytetrafluoroethyfene material ( 025"). w^h^di^ WireT.Ui3 lnorkclc'ciiu," ' 

^ tube having an outside diameter of approximately o ^uide--27-is~Wmd^ sheath, ■ ^ 

0.218 cms (.085") with a wall thickness of approxi- c,n %Hd-ft9 loiaal)ltf^%Heel?-ia?tof fnatedali>and flared i.euiriil.'carirJ a v.-Gd:c.. 
mateiy 0.038 to 0.05 cms (.015-.020"). As depicted lately ^fls^lcgrfti(C05c> fie> rrttr^w^Us^poUed against '.^M tfk 1 "^. 
in RG. 4, distal end 20 of the introducer tube is * s '^'^fcdistal'endi^^ FIG. 6. *^' iiri C*.^. ->!!i>y;n <V t 

flared in a well-known manner for retalngge in sheaUi. ^err^ifofda^le^^ee'f c^.smaler^ 
device cavity 1 a Typically, the distal end of the ^ r, ^tf>e^ 

introducer tube is inserted through collar 48 and ioop <v ^vi&rcaWy^i &ed^^^ftdi2a^4he lntn> ^:=^V pc:;:^.^ vslcl; :. 
opening 19 of the foldable sheet of material and i5 * ; " ftad fldc^ 

then flared in a well-known manner. Collar 46 is ov in.vi6fj9 df^e'^blded s^^ntf'by^^aging^the dlsw""^*-- *'} ^^Y : >v' ll (w i- 
further affixed to the introducer tube with silk suture ^-fe ehd of shetath^23. WferhativeTycthe repair-'tJevice is ; : - ' . wiTy . 
material 47 wound thereabout tied, and glued with ss*. "first removed frorff the distal efd L 'ottJ»e -introducer ; - =. : : 
medical grade adhesive. Collar 48 and suture ma- ^ - --'by^engagir^-the^ea^ - r -\-y ■ 

terial 47 transversely position the unfolded and * out of ^e' deviw'x^ty"©]^ detached — i- - - >- 

second sheets of material with respect to the Intro- device is then positioned at least partially over the- 
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hernial rings and affixed to the surrounding tissue 
with other surgical instruments passed through oth- 
er trocar sheaths. 

Another procedure for affixing the unfolded re- 
pair device to the tissue surrounding the hernial 
rings is to include an affixation suture loop 41 to 
second sheet 13 of material, as depicted in FIG. 6. 
The repair device includes this suture loop which Is 
passed through containment sheath 23. With one 
affixation technique, the affixation suture loop is 
passed through the hernial ring and percutaneously 
drawn through the abdominal wall and skin of the 
patient. The repair device is positioned at least 
partially covering the hernial rings, and the affix- 
ation suture is pulled and affixed to the surface of 
the skin, using a well-known percutaneous surgical 
technique. Depending on the position of the tissue 
apertures or hernial rings, no additional helical coil 
fasteners or sutures are required for attaching the 
repair device to the tissue surrounding the ap- 
ertures. Alternatively, the folded tissue aperture re- 
pair device is percutaneousiy inserted through the 
tissue aperture or hernial ring and then extended 
from the containment sheath. The repair device is 
extended to its unfolded shape, and the introducgf_. 
and sheath are pulled back through the insertion 
site with the affixation .suture extending from the 
folded sheet of material and to the surface skin of 
the patient for affixation thereto. 

Depicted in FIG. 8 is a helical coil fastener 40 
inserted into flared distal end 42 of application 
cannula 43. By way of example, the helical coil 
fastener preferably comprises two and a half turns 
of 0.046 cms (.018") stainless steel wire approxi- 
mately 0.38 cms (.15") in length with a 0.127 to 
0.152 cms (.050-.060") therebetween. The diameter 
of the helical coil fastener is approximately 0.317 
cms (.125"). Eyelet 44 of the fastener extends from 
the proximal end of the turns and is approximately 
0.635 cms (.250*) in length. Application cannula 43 
comprises a twelve gauge stainless steel cannula 
having an outside diameter ol 0.3 cms (.120") and 
an inside diameter of approximately 0.24 cms 
(.095"). Flare 42 about the distal end of application 
cannula includes a major diameter of approximately 
0.38 cms (.150") and a minor diameter of approxi- 
mately 0.165 cms (.065"). The application cannula 
is long enough for insertion through a trocar access 
sheath. The eyelet is secured in the flared distal 
end of the application cannula using, for example, a 
loop 46 of suture material. The helical coll fastener 
is threaded through the foldable and second sheets 
of material and into the surrounding tissue with 
rotation of the application cannula When secured 
in tissue, the fastener is released by pulling loop 
46 of suture material free of the fastener eyelet and 
drawing the application cannula from the eyelet. 
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rt^is to i», understock .that the. aboverdesoj bed . . tS „. ~ ,« c ■. 
tissue ..aperture, repair device is merely an illustra- 

cesifrM^W^ ■.;-.VVuK:rt;fcrer,C5 \; , 

h: rt ^^i^ffif^uftiffi«^W ^^.^^may. i? 1? u ivii! ^ : - 
5 r _._t» r dfivjsed.!by r ttose^skiljed [n/jthe ^-.without v 

r -. .'tioa - It is contemplated- ih^ : the -tissue" aperture 
^ repair |deyice^is re^ily usaWe in bo^.Qpen.surgery 

■ ancj : :fn intrnaJly : invasive -surgical procedures. In 
10 ' . : open surgery ; the jrepair^cfeyice includes the .elastic - - 

stiffener wire already , positioned in the device' cav? 
u: ^ or r merely : -affoced 4a ihe^circumference fif/the 
foldable sheet of material. The elastic stiffener ma- 
terial may also comprise a nickel-titanium alloy 
75. such as commercially available nitinpl, which pos- H 

r.ta '^^Ms^vh. "nfblded shajie. As a* result. ^.^-^ & 

S^ztfflSm msMOMPifto* * mj:o. ttKnubv..aliaffi 

n u ^yi;6xtegd, ; §CTOss ^^^diameter. ^pp^rf^gh^ 

< t conflguratipn ,iS; : ideaJly^.su^Bd for a rectangularly 
26r- rr shaped i^ue.ajH^re.re^ Itis- further r;: -. 

^:r.ti0j|^desired by the physician. Percutaneous insert 
30 several, different (techniques: ♦briefly described . . 

o-;wnjpided,an^ to 

! . r : cnored : or sutured - to . the surrounding . . tissue* or 
, i: „^nnply n fD<[e<Jly positioned using the affixatiijn suture 
^K.axtendin^ .from ..the..7p!^ie.'Shett ,Other r tech- 

40 ^^wn^fra^vjty v ^prp30es,^u^^ cj>-v?o<y ?r- I;;- .. 

l.towj^>erture repair device Is not only suited for :;; - , - " 

■ alcSe^^S^ftfW^ n;o:er \l it u^us:^ ' 

con1\t(J!5S^i!:. ( ?)5*Y£3t£r.:r.G rr.Li r^ 11R Ihmnnh a rZi6-\\W'tf:OVi4 : &.a\': 
« nitmho^^J?.^'! #?n^ u ff.H l ^,T?;9!W^x^ in - c:v:: 114, lir;- 

f v,.l^,pf.wurr ; ^he^a This may be eliminated by 
,V ^5SM ?8r^KBRn^lr9ofr«?ce 

50 of flsPsAiiffl^ ^sP/iifipfff^!? p^^n^pji^ se^toy?"" 

r . ^3^.7^9 ^eylc8«^ J^isuch aii ^prc^riate.^i2e 
ft,n»y abirt-on p^^.the^mus^^re^pf^t^ 
; abdominal cavity and strengthen it. and- that the 
55 t .J$p^$$G .cord §, #J6 femora) ^artery v 1 0 and veint 1 1 
^together ; with tii^pigas^c vessel 8- may cpncur- 
Irently ^ass r l ^reely v by :; tbe. davice. - . -™ „ : - V1 ^ 



■ i:':- ' : 'j Jn fnr. '1 *r.. VT. 

■ cuL may:* ui" Giioc 
ir/.-.^uccc' r.::^ 

V • f* ' £ ! i G 'A't ! 1 ' C 1 L' i J CtiX'Uv 
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The barrier material of the device may be a 
guard of flexible synthetic material, in the illustrated 
design a net 1 13 of polypropylene, rnersutures or a 
biodegradable material such as a resorbable poly* 
ester, e.g. vicryl or resomer. The barrier material 
may alternatively be a thin, preferably circular 
piece of PTFE, e.g. gore-tex (soft tissue patch). Net 
113 may be kept spread, mainly in a plane shape 
by a stiff ener 114 consisting of a comparatively 
thin wire of the alloy Nitinol that is a shape memory 
alloy which at an increased temperature e.g. at 
500 * C may be set in a predetermined shape. By 
an appropriate composition of the alloy the trans* 
formation temperature may be selected to be e.g. 
10* C so that the wire retains its superelasticity and 
stiffness during the manipulation and Insertion into 
the abdominal cavity. 

Stiff ener 114 is advantageously composed of 
two wires either of which, as the predetermined 
shape, is formed as an elongate flattened loop 115. 
Due to this round shape the stiffener has no sharp 
edges or ends that may grasp and damage the 
tissue in the abdominal cavity. The net 113 Is fixed 
to stiffener 1 1 4 in that the meshes are stuck in over 
the wire in loop 1 15 at uniform interspaces, and the 
two loops 115 extend transversely to each other in 
order to impart to the net the greatest possible 
stiffness. 

In the middle of the net 113 a fastening means 
116 is cast around loops 115 and the net proper. 
The means 116 may be made from silicone or a 
biodegradable polymer, such as synthetic or natu- 
ral polymers (obtainable from e.g. Boehringer In* 
gelheim), or a resorbable polyester, e.g. vicryl or 
Resomer. The means 116 is on one side of the 
barrier material provided with a soft curvature 1 1 7 
that cannot cause damage to the intestines in the 
abdominal cavity, and on the other side of the net 
means 116 has a pin 116 from whose end face a 
thread 119 extends which may for instance be 
made from vicryl. 

The stiffener Is designed as a loop extending 
along the periphery of the net, which loop may be 
connected with the fastening means 116 through a 
number of spokelike arms. The strffener may be 
made from stainless steel wire as well, or from a 
resilient plastics material. 

Fig. 12 shows an apparatus for the insertion of 
the supporting devices 112 and which Is composed 
of an internal carrying tube 120 extending longitudi- 
nally through an external guide tube 122 that is 
somewhat shorter than tube 120. Pin 118 on fas- 
tening means 116 and the inner diameter of carry- 
ing tube 120 conforms to each other so that the pin 
upon insertion at one end of the carrying tube will 
be fixed thereon. The other end of the carrying 
tube has a radially protruding abutment 121 to 
confine the displacement of guide tube 122. The 



* :H noTthre^L*ll9.'^-ris tube 

~ • 1 204s passed^centrafly: therethrough; r" $ : ; zji 
ir.a cji£iT:&;Wrtbirtfere^ 12 
device to£16tft wtoiow be'-da sen* bedefcb* i the^ device may 
rr:s":£fbeoparated"intb therpatiento Vcfcrcnc? Id s 
-iGs.13 to iBie abdominal cavity is inflated with gas 
^;^tru6ughMaL4rocar;^.ethatdihe riotestirjes;rare not 
^pciitioftedslmuie^vic^ a 
"•"'.* : trocar 'stteatfr 123T-is;:-percutaneouslyr.:passed 
-jo - -through ^>aWominal wall that may be composed 
< a & . ;.. of ^scGlu^dblio^£rexternus i and Jnternus 124, 
Cw l musculusHtransVers&li^ 126. 
" TTie'herrualisacistherltetluWd, rz\ 

The supporting device mounted at the end of 
v is. the canying tube _120*is introduced in&.the tidier 
tv.n lir^sheaih ri23rrwtUle^muttanioiisf^ net- 
w>\ r«£(won\at»t^dr6lffierwri&l tube 
enos Cm-ISO, Hfiefetoys allowing t<mwdewicartoopassathrough 
circ;= *m^£ttj^^^ been 
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tnjo c^cmWepossiWe^byithe rflexfttftyi^r^ ^ffene&pr 
the ^v&yrthe drcurristarice rthatthe, stiffener is made from 
i r.raoshape me7norizing;atioy>havkqiSuperetastic prop- 
« i y 1 1 i - erties: ;vThe i \ apparatus * 49t^ow ^puj5fce4>thrpugh 
X • " . sheam'l23"e^d Jnto : 'th« UIus- 
js-li- trateo^irMFi^^^ freed 
pi if : fromothe: ihtenraicend tof? slie^ll^psWtener 114 
iiiG i^-strajghtensrtha^etas* and 16 

di^r;G;:ontfl the ^tsJsabstanD^lyjptao^^ 
tns dirrour irnayhbSrieffected tas ?a- consequence of the 
itr so^'nrBsiflericy or^stffmess o^the strffener. r> 

When t.VvhBrtetrm^^portii^^^ been 
press; ciirttroduc&dinto^ tube 
>: 22 Js. moved Jnwardlyita; abut onfastening means 
to the Fil6 t dfotiowingiiwhlch an inwardly directed push on 
35 guide tube 122 releases the supporting device 3-12 
v : r™-from carrying tube 120. Then, tubes 120 and 122 
are at first removed and subsequently the trocar 
Ti:;sheathMl23;So:>tr^^ not — 

vioishownMCtose about thread OJ 8/tfmi hasvbeen pulled m. 
40- v^utwardly;so:that:the supporting (device ; J,1 2 abuts£> ; 
pr:rbn; pedtone^cl28:and:b4rs;^rn^ 
tn a3.exoanaeo conuition. servos to cover and ^r* sni^nrvera^yHj. 

protect Ifrtt i»aJBswedvtfealcmejtissiM.o13he ;c-n ['r^-. g;g sicn- f 

rssie*vttynsfcoutd (^dwliogetfietawim3netj1;tarand stiff- -F£teEi r X;:^DH!rKe' : 
4ssh-i-eher»e1l4. (the; skle.iof<3t^r : bartieromatej^ facing 
oi^ewaytoorniritte* coated 
^M3#t8i fibjriwsgdfr^ntisliV a'sout fh?. wppori r - 
^i ^in^o^^.^abdve^itEis; aJsoispossible to 
. lo ^inserteteosupfttri^ a trocar 

so sheath passed through the abdominal cavity at a ^'■'•'vBllil^laWrtmill':: 
^ A^rdlstaitcerfr^iitfje.her rtog;r;Some;.4ruin1pulation v : Z^i^rii; ^la ;V- 
in ite.t howeverpchecessary ^nrrthls, caserdni! order to ^''^-hbr'-^v^ec^vrr: i- 
^ '<< position ^e) supporting device at the herri^taJ ring. 
- \vhenvme?s>rpporting device is to be used "to 
5s support the abdominal wall in the area where=the 
wall has been jweakened by-Jthe insertion of the 
trocar -sheath ■ proper^ ^thev;devto may have more 
: diminutive .dimensio<tt-than . in hemia applications. It 
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witt normally be sufficient if the barrier material in 
the spread-out condition is a few times wider than 
the diameter of the trocar sheath. This smaller 
device may be inserted and positioned in the same 
manner as described above with reference to 
FlGs.13to16. 

Naturally, the barrier material does not need to 
have the circular shape shown on the drawings but 
may be given any appropriate shape, such as oval 
, crescehtic or rectangular. - 

In the embodiment of RGs.17 to 20, the stiff en- 
ers are made of a biodegradable piastm ate rial, e.g. 
polyglycotides/poiylactides (PGA/PLA), polyester- 
anideS-or polyhydroxybutyrat/polyhydroxyvalerat 
(PHB/PHV). The fastening means is in this case 
two rings with different diameters. The stiffeners do 
not reach the center of the barrier material, but the 
ends of the stiffeners closest to the center forms a 
circle with a smaller diameter than the small part of 
the circumferential fastening means mounted on 
the same side of the barrier materia). 

The stiffeners and the fixed part of the fasten- 
ing means allows the barrier material to be de- 
formed in order to pass through the introducer 
sheath pushed by the internal carrying tube. When 
pushed out of the introducer sheath, another part of 
the fastening means with a diameter close to the 
diameter of the introducer sheath and bigger than 
the diameter of the first part of the fastening means 
is advanced by a coaxially system. 

When the other part of the fastening means is 
pressed against the first part and locked to said 
first part of the fastening means, the barrier unfolds 
to the spread-out condition. 

Claims 

1. Tissue aperture repair apparatus (12) for pro- 
viding a support for a weakened area (1 ,2,3) of 
a wall of a patient, said apparatus (12) com- 

* prising support sheet means (13) which/when 
in an expanded condition, serves to cover and, 
protect the said weakened area. (1,2,3) and 
resilient means (22) for urging the "support 
sheet means (13) to the expanded condition, 
characterised in that the resilient means (22) 
extends circumferentialfy about the support 
sheet means (13) in order to expand the latter 
to apply tension in the expanded condition. 

2. Apparatus according to claim 1. characterised 
In that when used for open surgery, the resil- 
ient means (22) is fixed to the peripheral edge 
of the sheet means (13). 

3. Apparatus according to claim 1. characterised 
in that the sheet means (13) comprises an 
attachment cavity (18) extending to the periph- 
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^-^wtfwifle ofthtf'&Heef hfeans~{l3), -andrin that 
the resilient means (22) is in the form of a 
spring loaded wire (22) insertable into the cav- 
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4, -Apparatus-according "to claim i 3) characterised 
^ in that when used for minimally invasive sur- 
gery, the apparatus further comprises an intro- 
. jo o ' ducer.(21 )4hrbugh which the sheet means (1 3) - 
is to be iritrodTiced in a foldeid -condifibn into 
- - i;, tthe^atierfc^d(Sro is 
to be introducer intb'tfie attachment i cavity 
(18). ^;rc:v . 

J5. ^^paratffs-acc6fdihg*^o <Safrtf-4r*5hvacteri$ed 
■ i^v.^r.^i^^h^^imeans (13) comprises two 
sheets (13,16) peripherally joined to form the 
Vwri^0r^vit£i(l4)- are 

^'^pfbvidfef t6 ; *oinrte^the^^ an~ 
•^i 'S^ure^'ln 6n^ f 6f ; 1he^h^tS:lt6- : facllitate 
* :: wrtryjof »the^ wire^ (22); into the, said-cavity (1 8), 

,~^8>i$.tp : ^ 

25 in^^paYatufc^ preceding 
%' : ^nvfurth^'4do^ of mutually 

angled flexible wires (114) extending centrally 
^ronva fa^mhg^mel^.fl^^ron trfe>safd one 

zcic h£ffi§et^ll3j[S3 Piatienmitiel (13) z\vei zui 
$0 An? oi id una jenes Hon if* urns (18) am Umfang ss 
f7i Ap^MO^raeae«1f4gPtdnetei6136, l^ierein the 
^ 5 VwW<1l4) iV-'brdd^radaUleTiir Verbindunc 

W?i$§hxz\\& 6ijDr37'Jicharac- 
35 J^Qterise^ imtha^ the 
- r ^ : 'iaid r sheet (1 13)- in aldeslre^: position- extends 
5 w i-from the fastening means (1 1 6), ^u-i it 1 1 

9. Apparatus according to any one of claims 1 to 
4ih^o™6 '6f r8: characterised In thaMhe resilient (means 
A : : - (22): is ma'de^f rem "a "material cwith *«uperetastic 
von Sh^rfnemoVyqjr^^OT tiexiblen Drah- 
ten (1 \ 4}i -g:s slciv -rnit™ vcr. einem Bsiesti- 
^WnteWspHi^frie^uf }ener elr.pr, pf^ ; - (nrv. 

1. Vohrichtung (12) 2um Wiederherstelleri einer 
7. V/H«tfWi^flih\in^ ^ ge- 

(•"tafeMfSttifaW^^ (1, 2, 3) bei einem' 

Patienten, wobei ]ene Vorrichtung (12) eln 
Voa <$tu^latte~rOTrtteT , ^3) r *tffi$ 5^tv t ausgede1interK' 
iJ ; : '"Zu^^ fOr'diesen 
^^Q^ge^efiwachten 0ereieh<{jh 2,i$) dienti "und ein 
^u-elastisches Mitto^(22)^r^zwang5weiseh3()ber- 
' fOh^uhg • des StUtzplattenmrttels (13) in den 
55 ausgedehnten Zu stand umfaJt. dadurch ge^ 
- ' - " xVr^eichnet; dafl ^das-elastische Mittet (22) 
s »- sfeh • :2ur * Au^ehnuhgTJes . StOtzplatterimittels 
v: ={13) um dessen Umfang erstreckt.: um uas im 
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ausgedehnten Zustand unter Spannung zu set- t» o><~ u perelastisGheh^ 1 ^onrigedachlni^ergenschaften 
zen. besleht 



2. Vorrichtung nach Anspruch 1 , dadurch gekenn- 7 • 
zeichnet. dafl das elastische Mittel (22) zum 
Gebrauch bei offenen Operationen an dem 
Umfangsrand dos Plattenmitlels (13) befe^tigt ' 
ist 

a Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, dafl das Plattenmittel.(13) einen Be- 
festigungshohlraum (18) umfaBt der sich bis 
zum Umfangsrand des Plattenmittels (13) er- r - 
streckt und dafl das elastische Mittel (22) als 
federbelasteter Oraht (22) ausgebitdet ist der 
in den Hohlraum (18) zur Ausdehnung des 
Plattenmitteis (1 3) eintUhrtoar ist 

4. Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, da8 die Vorrichtung zum Gebrauch 
bei minimalinvasiven OperaUonen weiterhin ein 
EinfOhrungsinstrument (21) umfaBt durch wel- 
ches das Plattenmrttel (13) im zusammengefai- 
teten Zustand in den Patienten eingefOhrt wird 
und durch welches der Oraht (22) in den 8efe- 
stigungshohlraum (18j eingefiihrt wird. 

5. Vorrichtung nach Anspruch 4. dadurch gekenn- 
zeichnet. daB das Plattenmittel (13) zwei zur 
Ausbildung jenes Hohlraums (18) am Umfang 
mrteinander verbundene Flatten (13, 16) urn* 
faflt. und dafl Mittel (46, 47) zur Verbindung 
des Bnftihrungslnstrvments (21) mrt einer 6ff- 
nung (19) in einer der Plattsn. urn die BnfUh- 
rung des Orahts (22) in jenen Hohlraum (18) zu 
erielchtern. und zur Ltfsung des EinfUhrungsin- 
struments von jenem Hohlraum vorgesehen 
sind. 

6. Vorrichtung nach einem der vorhergehenden 
Ansprilche, weiterhin umfesend etna Vielzahl 
von gegenseitig abgewinkdten flexiblen Dr§h- 
ten (114), die sich mittig von einem Befesti- 
gungsmittel (116) auf jent: einen Platte (113) 
erstrecken. 

7. Vorrichtung nach Anspruch 6, worin der Oraht 
(114) biologisch abbaubar ist 

8. Vorrichtung nach Anspruch 6 oder 7, dadurch 
gekennzeichnet, daB ein Feden (119) zur Bele- 
stigung jener Platte (113) in einer gewUnschten 
Lage sich von dem Befestigungsmittel (116) 
aus erstreckt 

9. Vorrichtung nach einem der Ansprtiche 1 bis 6 
oder 8, dadurch gekennzeichnet daB das ela- 
stische Mittel (22) aus einem Materia) mit su- 



^Pf* - Revehdlcattoris " ' ".: ' 

1. Appareil (12) pour la reparation d'une ouvertu- 
" re dans un tissu destine* a foiimir un soutien a 

7*rv- : - -7ane or zdhtf altoblle^^lOZ^^-tfune paroi d'un 
: patient; ladit appareil :(12)- :oomprenant un 
io : ' ■ ' moyen a~feuilles de-soutiefr (13) -qui, lorsqu'il 
i'r-.Z). est en etat deploy^, sert a couvrir el a prot£- 
ger iadite zone affaiblie (1. 2. 3). et un moyen 
eMastique (22) pour solliciter la moyen a feuiltes 
de soutien (13) vers I'^tat c&ploye. caractfrise 
is . . en ce que. le moye^n diastique (22) s'etend 
ir-::v ^v ?rctr^hMfBntieflemint ^to^t'ifJtc^ du -rnoyen a 
;.; 'feuilles' da soutien (13) en vue de employer ce 
dernier, afin d'appliquer une tension dans retat 

20 

2. Appareil suivant la revendication 1, caract$rise* 
en ce qua, lorsqu'il est utilise* pour la chirurgie 
ouverte, le moyen dlastique (22) est fbed au 
bord pe*riph6rique du moyen b feuilles (13). 

3. Appareil survant la revendication 1 , caract6ris6 
en ce que la moyen a feuilles (13) comprend 
une cavite* d'attache (18) s'etendant jusqu'au 
bord periphdrique du moyen a feuilles (13). et 

30 le moyen dlastique (22) a la forme cTun til 
mdtallique mis soins contrairrte par effet de 
ressort (22), pouvant fitre introduit dans la cavi- 
t£ (18) en vue de deployer le moyen a feuilles 
(13). 

36 

4. Appareil survant la revendication 3. caract£rise 
en ce qua. lorsqu'il est utilise* pour una chirur- 
gie a caractsre invasif minima), I'appareil com- 
prend, en outre, un organ e d'lntroduction (21) 

40 a travers lequel le moyen a feuilles (13) doit 
etre introduit dans un 6tat replie* dans le pa- 
tient et a travers lequel le fil me*talfique (22) 
doit etre introduit dans la cavite* d'attache (18). 

45 6. Appareil survant la revendication 4. caractense* 
en ce que le moyen a feuilles (13) comprend 
deux feuilles (13. 16) jointes p^riphariquement 
pour former Iadite cavrta (18), et des moyens 
(46. 47) sont prevus pour roller i'organe d'intro- 
so duction (21) a une ouverture (19) dans -Tuna 
des feuilles afin de factiiter rentree du fil (22) 
dans Iadite cavit^ (18). et pour detacher I'orga- 
ne d'lntroduction de I'ouverture (19). 

55 6. Appareil suivant Tune quelconque das revendi- 
cations prec^dentes. comprenant en outre, 
plusleurs fils metalllques qui se croisertt mu- 
tuellement (114) et s'etendent au centre a par- 
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tir d'un moyen de fixation (1 16) sur ladtte feuil- A *? 

le (113). ' - - 



7. Appareil suivant la revendication 6, dans lequel ; 
le f ii{ 1 1 4) est biodegradable. 5 \ \ / 



i \ WW "J\ \ il 



8. Appareil suivant la revendication 6 ou 7. carac- 

terisd en ce qu'un fil textile (119) destine* a \ \ . ; .) \ 

fixer ladite feuiQe (113) dans une position sou- 
haittfe s'6tend a parti r du moyen de Tixation w 
(116). 



• • i - i t - 

Alt ': * J i: ■ 



*. J 1 i 



9. Appareil suivant Tune quelconque des revendi- 
cations 1 a 6 ou 8, caractense* en ce que le 
moyen e'lastque (22) est constttua* d'une ma- is 




tiere ayant des propri£tes de mdmotre de for- 1 \\ \ \ i " . 

me supertlastiques. ' ' ! ■'- ' , « r • 
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